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Abstract

The adoption of improved sorghum technologies by smallholder farmers is still low in Tanzania. Many farmers
fail to acquire quality inputs due to different underlying reasons. This article analyzes factors underlining the
adoption of improved technologies among sorghum farmers in Tanzania and evaluates profitability of grain
production. A total of 212 individual farmers were interviewed through structured questionnaires from nine
districts. Data were analyzed using descriptive statistics, probit regression model and gross margin analysis.
Results show that 39.2%, 26.5%, 16.9%, 8.4% and 7.2% of sorghum farmers adopted seeds of improved
varieties, insecticides, inorganic fertilizers, threshing machine and optimum seed rate, respectively. Probit
estimates indicated that age, sex, number of years in school, group membership, farm size, availability of free
seeds, seed accessibility, grain market accessibility and grain market price were the significant factors
influencing adoption of these technologies. Adopters obtained higher profitability (822,288 Tshs/ha) than
non-adopters (374,363 Tshs/ha) of improved varieties. Further policy actions are needed to improve determinants
of adoption, breeding technologies and accessibility of agricultural inputs to ensure benefits to farmers and the
sorghum sub-sector.

Keywords: profitability, smallholder farmers, seeds of improved varieties, technologies, Tanzania
1. Introduction

The agricultural sector contributes to 32.4% of GDP and occupies over 70% of smallholder farmers in Tanzania
(Faura, 2016). Smallholder farmers cultivate about 5.1 million hectares annually for both subsistence and cash
crops (Muyanga & Jayne, 2017). This explains the importance of smallholder farming in Tanzania and the need
for continuing investments and improvement to support sustainable agriculture, poverty reduction and nutritional
goals (Msangi, 2017). Sorghum is highly grown in semi-arid regions in Tanzania primarily for food consumption
and commercial purposes. It is the third most important cereal crop with a total production of 812,488 hectares
and over 500,000 tons per year in the country (FAO [Food and Agricultural Organization], 2018). Sorghum
production in the country still need efforts for improvement since many farmers fail to reach attainable yield and
profit levels due to factors such as unfavorable climatic changes, pests, diseases and poor technologies (CCAFS
[Climate Change Agriculture and Food Security], 2015).

The growing demand for sorghum crop as a raw material for nutritious food products and brewing industries,
and Tanzania being among leading sorghum producers in Africa, it creates an opportunity for farmers to obtain
profit from its production. Sorghum demand is expected to double to two million tons by 2050 to make Tanzania
a net exporter (Orr et al., 2016). Promoting sorghum as a food security and commercial crop highly requires
investments in production technologies and new market opportunities (Aloyce et al., 2017).

A wide range of technologies such as seeds of improved varieties, mechanization and agrochemicals have been
introduced by the Government and development institutions (URT [United Republic of Tanzania], 2016).
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Improved technologies are continuously introduced and promoted to improve agricultural gains and higher
returns among farmers (Simtowe & Maush, 2018). Despite these efforts, most farmers have not widely adopted
improved technologies. Low adoption rates of improved varieties and other technologies have been attributed to
low availability and income levels to purchase the technologies that have resulted into low production and
market difficulties (Elsheikh et al., 2018). Adoption of improved sorghum varieties has been reported to be low
among farmers due to different reasons. Many studies have reported age, income, cooperative membership,
education, resources, extension services, subsidies and output markets to influence adoption among farmers
(Mpangwa, 2011; Simtowe & Mausch, 2018; Kaliba et al., 2018). However, there has been limited empirical
information on factors influencing adoption of other improved technologies apart from improved sorghum
varieties in the country. Studies by Kaliba et al. (2018), Simtowe and Mausch (2018) have only assessed factors
affecting varieties adoption in sorghum production in Tanzania, and this calls for more studies to further
understand factors determining adoption of improved technologies. The main objective of this study is to assess
determinants of adoption of improved sorghum technologies by farmers in Tanzania. Specifically, the study
focuses on analyzing adoption rates of sorghum improved technologies, factors influencing adoption decision
among farmers and profitability differences among adopters and non-adopters of improved varieties. Information
from the study will contribute to informed and optimal policy decisions for investments and improvement of the
sorghum commodity value chain.

2. Theoretical Framework

One would define the adoption of advanced technologies by a farmer as the situation it is used for at least one
production season (Ogunyemi & Ojo, 2014). Theoretically, adoption studies are generally based on different
theories (Ghadim & Pannell, 1999). This study is theoretically built under two theories, i.e., diffusion of
innovations theory and utility maximization theory.

2.1 Diffusion of Innovations Theory

Diffusion of a new technology takes a process at which technology is communicated over time among
participants in a social system (Rogers & Stanfield, 1968). Technology adopted is expected to be converted into
valuable output increase (productivity, profitability and income levels). The adoption process comprises of five
main stages (Rogers, 2003). The theory provides principal foundation for understanding innovation diffusion in
agricultural production (Petry et al., 2019). It is assumed that farmers as participants of agricultural technologies
follow through these five stages: knowledge, persuasion, decision, implementation and confirmation stage
(Rogers, 2003). Technology uncertainty among farmers may diminish over time through the stages, and the
production function itself may change as adopters become more efficient in using the technology (Feder and
Umali, 1993). Adoption decision made by a farmer before the implementation stage is usually assumed to be
subjective while after this stage decision made is assumed objective (Rogers, 2003). Ugochukwu and Phillips
(2018) argues that decision made after the implementation stage is based upon factual evidence, also further
decision can be made on continuation or discontinuation of technology use.

2.2 Utility Maximization Theory

Any entity is said to be driven by its utility maximization when adopting a new technology (Nicholson and
Snyder, 2008). In agricultural production, farmers are expected to make decisions on technologies use basing on
their expected maximum utility. Farmers will look for necessary production technologies with minimum costs
while expecting to attain increased levels of production, profits and improved food and nutrition security.

The utility function can be expressed as shown below:
Uy=XB,+n;, y=10i=1,...n (1)
where,

X; is a farm-specific function; B, is a parameter for estimation; 7,, is an error term with zero mean and a
constant variance.

The adoption is assumed to be a dynamic decision since it is considered by a farmer over a number of seasons
(Federal et al., 1985). Since adoption is a binary dependent variable (1 or 0), a farmer is expected to abandon
traditional technology over new one only if utility expected of a new technology is greater than a former one
(Awotide et al., 2016).

y=Lif Uy < Uy (2)
where,

U,y 1is utility obtained from traditional technology; Uj;; is utility obtained from an improved technology.
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A farmer having a subjective perception of expected benefits of a new technology for next seasons, information
on some attributes such as costs, yield and prices is likely to reduce uncertainty, although in reality, a farmer will
still be uncertain of some other attributes (Ghadim & Pannell, 1999). Since the expected utility is indirectly
observable, therefore vectors of observable farmers attributes are used in explaining adoption (Diiro et al., 2015;
Awotide et al., 2016). A number of these attributes represent farmers’ adoption decision as well as capturing risk
sensitivity (Kalinda et al., 2014). Some of these attributes include age, education, sex, farm size, income, credit
accessibility, farmer group memberships and other connections (Kalinda et al., 2014). Melesse (2018) also
argues that factors affecting adoption can be categorized into farmer characteristics, institutional and factors
related to technology performance.

Hypothesized variables of adoption of this study are based on theoretical and empirical frameworks of previous
studies (Federal et al., 1985; Ghadim & Pannell 1999; Mpangwa, 2011; Kalinda et al., 2014; Ghimire et al., 2015;
Awotide et al., 2016; Kehinde & Adeyemo, 2017; Simtowe & Mausch, 2018; Kaliba et al., 2018). In the study,
the relationship among variables can be conceptualized into two main hypotheses: (i) HA1: Factors such as age,
sex, number of years at school, group membership, production purpose, farm size, free seed availability, grain
market accessibility and seed accessibility strongly influence farmers’ adoption decision; (ii) HA2: Adoption of
improved sorghum varieties incurs higher profitability levels among farmers.

For testing the first hypothesis, we used the probit regression model. Probit model is used in case one has
observed a binary dependent variable. The model can be conceptualized as a way of presenting factors
influencing farmers’ adoption decision of improved technologies. Many studies (e.g., Ghimire et al., 2015;
Tsinigo & Berman, 2017; Simtowe & Mausch, 2018) have assessed adoption under utility maximization theory,
and also used probit model in explaining the significance of different factors influencing farmers adoption
decision. The second hypothesis was tested using gross margin analysis. This evaluates economic viability of any
farm enterprise (Wango et al., 2016). Profitability of introduced agricultural technologies is a necessary factor to
be accounted for in adoption study (Kaliba et al., 2017). Some studies (e.g., Rao et al., 2017; Aloyce et al., 2017,
Engwali et al., 2019) have used gross margin analysis to shed light on the profitability of improved varieties
since gross margin is a proxy for profitability.

3. Methods of Data Collection and Analysis
3.1 Study Area and Sampling Technique

The study was conducted in 2019 across nine districts that are among sorghum leading producing regions in
Tanzania. Sorghum districts selected for the survey included Mkalama, Singida DC, Iramba, Ikungi, Serengeti,
Rombo and Momba as the project’s (HOPE II) intervention districts while Kongwa and Tarime were selected as
non-intervention districts (Figure 1).
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Figure 1. Map of Tanzania showing districts visited for sorghum farmers’ interview

A four-stage stratified sampling technique was used to select the study sites. The first stratum was the
administrative zones, followed by the regions, districts and the villages strata. This technique was used following
the importance of sorghum production and implementation of the sorghum dissemination project. For nine
sampled districts, we selected seven experimental districts with introduced improved varieties under the project
and two control districts. A total of 18 villages from nine districts were selected based on the importance of
sorghum production. Farmers were then selected randomly from these villages. A list of 450 sorghum farmers
from 18 villages was obtained with the help of village executives and was used as the population within which
the sample was drawn. Table 1 shows the distribution of the 212 interviewed farmers across nine selected

districts.

Table 1. Distribution of sorghum farmers interviewed across nine selected districts (n = 212)

Note. n: sample size.

District Farmers (n)
Mkalama 30

Singida DC 28

Iramba 18

Ikungi 10
Serengeti 26

Rombo 18

Momba 38

Kongwa 38

Tarime 6

Total 212
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Furthermore, sample size determination formula used in the study to obtain 212 farmers was the one presented
by Yamane (1967) as the formula is said to be reliable by 95%. The formula is expressed as shown below where
by n represents the sample size determined, N represents the population size and e represents the error term that
is 0.05.

N

=T 3)
B 450
e 4500052 )

where, n =212 sorghum farmers.
3.2 Data Analysis

Data were analyzed using SPSS version 20 and STATA version 13 softwares. The analysis was done through
descriptive statistics, probit model and gross margin analysis. Descriptive statistics were used to analyze farmers’
socio-economic characteristics and current rates of adoption of improved sorghum technologies. Probit model
was fit to estimate adoption decisions since the response dependent variable is a binary one. Dependent variable
of the model comprised of a dummy variable that represents given technologies in the study. These technologies
included seed of improved varieties, optimum seed rate, inorganic fertilizers, insecticides and threshing machine.
Independent variables included in the model were age, sex, education, group membership, production purpose,
farm size, seed price, free seeds availability, grain market accessibility and seed accessibility (Table 2).
Independent probit regression models can be used to assess adoption of more than one improved technology
(Kehinde & Adeyemo, 2017). The model is appropriate since it can resolve the problem of heteroscedasticity and
satisfies the assumption of cumulative normal probability distribution (Gujarati, 2004).

The probit model can be specified as shown below (Equation 5):
Y, = FXp) + & (6))

_ {1, if adopted

i 0, otherwise

where,

&~N(0,1); p = maximum likelihood; ¢ = error term; X = set of independent variables included in the model.

Since estimates of the probit model provide only direction of effects, the marginal effects are usually calculated
to interpret the actual change in probability of independent variables.

Marginal effects = f,¢d(z) (6)
where,

B; = coefficients of the variables; ¢(z) = cumulative normal distribution value associated with the mean
dependent variable from the probit estimation.

Table 2. Independent variables of the probit model and their expected signs

Variable Measurement Expected sign
Age Years (continuous) +/-
Sex Dummy (0 = female, 1 = male) +
Years in school Years (continuous) +
Group membership Dummy (0 =no, 1 = yes) +
Production purpose Dummy (0 = subsistence, 1 = commercial, 2 = subsistence & commercial) +/-
Farm size Hectares (continuous) +
Seed price Tshs (continuous) -
Free seeds availability Dummy (0 =no, 1 = yes) +
Grain market accessibility Dummy (0 =no, 1 = yes) +
Grain prices Tshs (continuous) +
Seed access Dummy (0 =no, 1 =yes) +

The profitability of production among adopters and non-adopters of improved sorghum varieties was computed
by gross margin. The analysis is regarded as the difference between the annual total revenue for each farmer and
the variable costs directly associated with them (Obayelu & Ajayi, 2018). The total revenue represents the
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product of the amount harvested for each farmer and the unit price of sorghum grain. The total variable cost
represents a summation of variable costs associated sorghum production. These costs include seeds, fertilizer,
insecticides, rented land, hired labor, transport, packaging and rented threshing machines costs (Equation 7).

GM;, = TR,—TVC, i=1,..n )
where,

GM; = Gross margin for the i sorghum farmer (Tshs); TR; = Total revenue for the i sorghum farmer (Tshs);
TVC; = Total variable cost for the i™ sorghum farmer (Tshs).

4. Key Findings and Analysis
4.1 Socio-economic Characteristics of Sorghum Farmers

The proportion of male farmers (62.3%) was higher than female ones whereby male household head had full
land ownership (Table 3). The age distribution shows that most of the respondents (51.9%) were 45 to 65 years old.
The number of years spent in school by most farmers was 1 to 7 years. The majority of farmers (50.5%) were
smallholders who owned less than 0.5 ha. Most farmers (60.4%) didn’t belong to any farmer group, but also, about
56% farmers produced sorghum for subsistence purpose only. Furthermore, about 61% farmers lacked access to
reliable markets and around 77% didn’t have access to seed of improved varieties at the right time.

Table 3. Socio-economic characterization of sorghum farmers (n =212)

Household variables Categories Farmers (%)
Sex Male 62.3
Female 37.7
<25 2.8
Age 25-44 38.7
45-65 51.9
> 65 6.6
””””””””””””””””””””””””””””” - 94
. 1-7 84.0
Number of years in school 213 59
> 13 1.4
"""""""""""""""""""""""""""""""""" <05 505
0.5-1.0 27.4
Farm size (ha) 1.2-1.5 8.8
1.6-2.0 5.7
>2.0 7.6
. Yes 39.6
Group membership No 60.4
"""""""""""""""""""""""""""""""""""""""""""""""""" Subsistence 562
Production purpose Commercial 0.9
Subsistence & commercial 429
I Yes 39.2
Market accessibility No 60.8
— Yes 23.1
Seed accessibility No 76.9
Total 100.0

Note. n: sample size.

4.2 Adoption Rates of Improved Sorghum Technologies by Farmers

A range of improved technologies are recommended by stakeholders for sorghum production. These
technologies include improved varieties such as NACO Mtama 1, Macia, Tegemeo, Pato and Hakika;
insecticides such as Sumithion, Karete and Selecrone; fertilizer application such as NPK (booster), DAP and
Urea; threshing machines as one of the post-harvest equipment and optimum seed rate of 7.5 to 8.7 kg/ha. Some
farmers adopted these technologies (Figure 2). Findings show that the agricultural technologies score low
adoption rates among farmers. The optimum seed rate (7.2%) had the least adoption rate followed by use of
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threshing machine (8.4%). An about 17% of farmers used inorganic fertilizers. Over 26% of farmers reported to
use insecticides due to high insect infestation especially fall army worms, though most of them couldn’t
remember the specific names of those insecticides. Seeds of improved varieties were used by about 39% of
farmers compared to other technologies.

Adoption of sorghum improved technologies by farmers
= Adopters ® Non-adopters

Improved varieties Insecticides Fertilizer Threshing machines Optimum seed rate

Figure 2. Adoption rates of improved technologies by farmers

4.3 Adoption of Improved Sorghum Varieties Based on Socio-economic Characteristics

The distribution of adopters based on sex indicated that most adopters of improved varieties are men compared
to women. The adopters aged between 45-65 years had higher adoption rate (23%) than other age groups. Most
adopters have 1-7 years formal school education. Farmers who belonged to farmer groups showed a higher
adoption rate of about 21%. Furthermore, farmers who had market outlets for sorghum grain showed higher
adoption rate compared to farmers who had no market outlets (Table 4).

Table 4. Socio-economic characterization of adopters of improved varieties (n =212)

Household variables Categories Farmers (%)
Se Male 232
e Female leo
<25 0.9
25-44 11.9
Age 45-65 23.1
77777777777777 > 65 33
0 42
. 1-7 31.1
Number of years in school 313 34
77777777777777 >13 05
. Yes 20.8
Group membership N 184
- Yes 25.0
Market accessibility No 142
Total 39.2

Note. n: sample size.

4.4 Adoption Rates of Improved Varieties in Intervention and Non-intervention Areas

From the findings, higher adoption rate was observed from intervention districts (about 31%) compared to
non-intervention (8.5%). Among all intervention districts, Singida DC (9%) had higher adoption rate. However,
for non-intervention districts, high adoption rate was observed in Kongwa (8%) (Table 5).
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Table 5. Adoption rates among farmers in different districts (n=212)

Intervention Adoption rate (%) Non-intervention Adoption rate (%)
Singida DC 9.0 Kongwa 8.0

Momba 8.1 Tarime 0.5

Mkalama 4.7

Rombo 4.2

Iramba 33

Ikungi 1.4

“Total 307 Total 85

Note. n: sample size.

4.5 Adoption Rate of Each Improved Sorghum Varieties by Farmers

Farmers highly adopted NACO Mtama 1 (17%), Macia (9%) and Tegemeo (6.6%) varieties. The varieties that
scored below 5% adoption rate included Pato and Hakika (Table 6). However, very few farmers planted more
than one variety.

Table 6. Adoption rates of each improved variety or their combination (n =212)

Improved varieties Adoption rate (%)
NACO Mtama 1 17.0

Macia 9.0

Tegemeo 6.6

Pato 4.2

Hakika 0.9

Both Pato & Tegemeo 0.5

Both Pato & Macia 0.5

Both Macia & Tegemeo 0.5

Total 92

Note. n: sample size.

Furthermore, non-adopters of improved varieties reported several reasons for not using improved seeds and
acknowledged highly on unavailability of these seeds, followed by inaccessibility, high seed prices, unreliable
grain markets and lack of knowledge of improved seeds. These main reasons contribute to low adoption among
smallholder farmers (Table 7).

Table 7. Reasons to low adoption of improved varieties among farmers (n = 212)

Reason Farmers (%)
Seeds unavailability 259
Seeds inaccessibility 24.1
High seed prices 6.6
Lack of reliable markets 2.4
Lack of reliable knowledge 1.8
Total 608

Note. n: sample size.

4.6 Probit Determinants of Improved Sorghum Technologies by Farmers

The Table 8 shows the estimated results of the probit models regarding the factors influencing adoption of each
improved technology. The empirical estimations have been done by the maximum likelihood with the model
being highly significant at 1%. The results of all chi-square (X?) statistics were highly significant (p < 0.000)
indicating that the models had strong explanatory power. The number of years of formal education, group
membership, availability of free seed, grain market accessibility and seed accessibility positively influenced
farmers to adopt seeds of improved sorghum. This implies that for every unit increase in any of these variables,
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the adoption probability increases by the magnitude of their marginal effects, i.e., 19.9%, 1%, 26.5%, 21.2% and
46.1% for years of formal education, group membership, free seeds, grain market accessibility and seed
accessibility, respectively.

For optimum seed rate, the age and sex negatively influenced its adoption. This implies that for every unit
increase in age, adoption rate decreases by 0.3%; also being female decreased adoption rate by 0.7%. Sex, farm
size, grain prices and seed accessibility positively influenced adoption of inorganic fertilizer (Table 8). A unit
increase in any of these variables increases adoption probability for fertilizer by 8.5%, 2.4%, 0.1% and 13.1%,
respectively. Age and seed accessibility positively influenced adoption of insecticides, implying that a unit
increase in each of these variables increases its adoption by 4.1% and 15.9% respectively. Furthermore, group
membership positively influenced the use of threshing machines with a unit increase resulting to increase in
adoption by 80.4%.

Table 8. Probit determinants of stated adoption of improved sorghum technologies

Variables Improved seeds Seed rate Fertilizer Insecticides Threshing machines
Age 0.003 -0.189 (-0.0029594)*  0.001 0.01865 (0.041227)*  -0.00016

Sex -0.139 -0.49463 (-0.0770707)* 0.64465 (0.0850377)*  0.15803 -0.15006

Years in school 0.767 (0.198857)* 0.14371 1.21476 0.63062 -0.17464

Group membership ~ 0.38567 (0.099961)* -0.06163 0.29190 -0.35189 0.43677 (0.804291)*
Purpose 0.48831 0.23365 -0.42610 -0.0718 -0.25228

Farm size 0.08424 -0.19493 0.18260 (0.0240875)*  0.00770 -0.05377

Seed price 0.00006 -0.00020 -0.00008 0.00001 -0.00020

Free seeds 1.02244 (0.2650039)**  -0.25148 -1.10199 0.01444 0.2011

Grain market -0.81899 (-0.2122738)** -0.81497 -0.3345 -0.06386 -0.12917

Grain price 0.00081 0.00021 0.00145 (0.0001922)**  0.00025 0.00087

Seed accessibility 1.77920 (0.4611495)***  0.54191 0.99190 (0.130844)**  0.72010 (0.1591384)** -0.37338

Pseudo R2 0.3071 0.1126 0.1589 0.0933 0.0696

LR chi2 87.15 15.42 19.58 17.42 10.71

Note. *** significant at 1%, ** significant at 5%,* significant at 10%.

R’: regression; LR: Linear regression; chi*: chi square, values in parenthesis are marginal effects.

4.7 Gross Margin for Adopters and Non-adopters of Improved Sorghum Varieties

The two groups differed in gross margin as well as input costs (Table 9). Both groups incurred high seed costs,
although much higher costs were observed among non-adopters. Moreover, adopters incurred higher fertilizer
costs, weeding costs, ridging costs and transportation costs while non-adopter incurred higher costs for
insecticides, harvesting, security, threshing and winnowing, as well as grading and packaging costs. Furthermore,
for both groups the average, the gross margin values were positive with much higher gross margin observed for
adopters (822,288 Tshs/ha) than non-adopters (374,363 Tshs/ha).

81



jas.ccsenet.org Journal of Agricultural Science Vol. 13, No. 1; 2021

Table 9. Gross margin among adopters and non-adopters of improved varieties

Variable costs (Tshs/ha) Adopters Non-adopters
Rented land 195319.76 160852.71
Land preparation 72994.18 69336.24
Seed 39329.94 54504.84
Fertilizer 17718.02 5687.98
Insecticides 11380.81 14529.07
Weeding 93546.51 61937.98
Ridging 8575.58 2228.68
Threshing and winnowing 24139.53 27074.61
Harvesting 4229.65 8412.79
Transportation 27848.84 26346.89
Security 14651.16 17461.24
Grading 6468.02 10218.02
Packaging 14777.88 15294.89
Average Total Variable Costs (TVC) 530980.41 473885.91
Averageyield (kgy 318581 2163.68
Average Price (Tshs) 424.78 392.04
Average Gross Revenue 822287.962 374363.197

Note. 1 USD = 2315 Tshs.

5. Discussion
5.1 Adoption of Improved Sorghum Technologies

Technology adoption is a vital component when one thinks of investing in agriculture. Improved technologies
prove to be beneficial to farmers in many ways. The advantages that come with improved varieties include early
maturing, resistance to environmental stresses and high yields. Fertilizer application increases crop yield on poor
soil. Insecticide application helps to control insect damage and secure good yield for farmers. Threshing machine
saves physical labor. Optimum seed rate is usually recommended since it ensures proper crop growth to provide
high productivity. However, these technologies can be expensive for farmers and for some technologies such as
fertilizers and insecticides, it can lead to plant and soil fertility damage if excessively used. In developing
countries, new technologies are characterized by low adoption especially if high investment is required (Yigezu
et al., 2018). Farm profitability depends on the use of recommended improved technologies (Liu et al., 2014).
Developing and promoting adoption of these yield increasing technologies is suitable to improve farmers’
livelihood (Ghimire et al., 2015). From the study, young farmers were more receptive towards practices such as
optimum seed rate since they are believed to be less conservative than older farmers. This was probably because
many young farmers participated in farmer groups and field demonstrations since they are less experienced, but
also they easily grasped knowledge of different practices. The study corroborates Huang et al. (2018) who noted
that young farmers with less farming experience adopted recommended practices easily. The younger generation
has more school experience, more innovative and more exposure to information than the older generation
(Melesse, 2018). Evidence from Kaliba et al. (2018) also suggests that young farmers who are already exposed
to improved technologies are increasingly adopting these technologies. The majority of young farmers can easily
find information and accept change easily. But also, this does not mean that older farmers lack intuition,
knowledge and circumstances to know benefits of new technologies. This is consistent with the fact that the
majority of farmers were experiencing high insect infestation that needed insecticides use. Recently, Tanzania is
experiencing climatic modifications, and biotic and abiotic stresses. Speedy climatic changes push even older
farmers to new technologies to help them despite their farming experience (Kansiime et al., 2014).

Practices such as optimum seed rate was easily followed by women probably because most of them actively
belonged to different farmer groups and also participate in group farming activities. On the other hand, women
become less receptive in adopting some technologies especially if these technologies are expensive. This finding
corroborates Mensah (2018) who noted that men were likely to adopt inorganic fertilizer than women because
most of male-headed households had access to household resources and wealthier than female-head households.
Addison et al. (2018) also argued that women were disadvantaged regarding improved variety seeds and
fertilizer due to limited resource ownership. This suggests for need to address gender-related issues that enhance
female participation in adoption of improved technologies. Furthermore, Theriault et al. (2017) also suggests to
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better understand the gender differences to technology adoption so as to bridge the gender gap while promoting
increasing productivity levels.

Positive association between adoption of improved varieties and years of formal education of farmer was
probably because with more years of formal education, farmers become less reluctant to accept changes. The
study corroborates earlier literature (Ghimire et al., 2015; Chandio & Yuansheng, 2018; Kaliba et al., 2018) that
suggest that with increased years of formal education, a farmer is more likely to process new information more
rapidly than others. The majority of farmers in most rural areas in Tanzania lack formal education that is also
seen as an important component in learning most agricultural skills. Moreover, this implies that there is need of
formal education and information that will help farmers evaluate and appreciate benefits of new technologies.
The findings also support Tsnigo and Behrman (2017) who suggested that adequate knowledge is important to
farmers to comprehend economic incentives of improved technologies.

Belonging to farmer groups increased the chance of adopting improved variety seed and threshing machines
probably due to easy accessibility of these technologies in groups through demonstrations, trainings, and even
easier access to machines to group members. Often, extension officers disseminate seeds to farmers in groups as
they use them as instrument for awareness creation and new technology popularization. Danso et al. (2017)
argued that FBOs increased chances of adoption of improved variety seeds by farmers since social capital
networks among farmers are vital for adoption. But also, it is easier for machinery equipment to be disseminated
among groups for farmers to share than individual farmers since they are high investment technologies (Kolade
& Harphram, 2014). Khondoker et al. (2016) also noted that farmer groups in India minimized barriers to
technology accessibility for poor smallholder farmers. Moreover, farmer groups were seen to be effective to
channel opportunities from public and private stakeholders. Therefore, more intervention programs should
consider forming, strengthening and expanding farmer groups for better adoption and increased agricultural
production (Kolade & Harphram, 2014).

Farmer with larger farm sizes may be able to strictly follow recommended practices like fertilizer application to
avoid unnecessary losses. Most farmers with smaller farm sizes in Tanzania are poor and fail to afford
agricultural inputs. The adoption of fertilizer among many smallholder farmers is largely affected by financial
constraint (Martey et al., 2014). Most farmers with larger farm sizes may be wealthier, risk takers but also, they
are likely to have opportunities to learn about new technologies (Oladeji et al., 2015; Chandio & Yuansheng,
2018).

The availability of free seeds motivated farmers to adopt improved varieties probably because they don’t incur
seed costs. In some cases, farmers obtained free seeds from public research institutes and development
organizations. The majority of adopters (30.7%) from intervention districts easily accessed seeds compared to
non-intervention districts (8.5%). This implies that with the project intervention (HOPE 1II) seed accessibility
was simplified to some farmers. But also, this does not necessarily mean that if seeds are freely available to some
farmers then they will easily obtain other inputs regardless the prices. It is important to pinpoint that seed
accessibility may also affect adoption of other technologies example inorganic fertilizer and insecticides. If seeds
are accessible at the right time, then farmers will not only adopt improved seeds but also complementary
technologies, which should also be affordable. Purchase and cultivation of improved variety seeds by farmers is
also simplified by seeds availability in local stores (Ghimire et al., 2015). Strengthening investments in good
seed storage will help farmers in emergency times such as drought or flood stresses (McGuire and Sperling,
2016). Accessibility of agricultural inputs to farmers should be improved as well as enabling environment for
both public and private suppliers (Kaliba et al., 2018). Chandio and Yuansheng (2018) further suggests that
institutional linkages among seed companies, agricultural input dealers, extension services and service providers
should be strengthened.

Reliable markets motivate farmers to adopt seed of improved varieties for more production since they do not
incur extra expenses to search for markets (Alemaw, 2014). Sorghum grain produced by farmers is mainly for
consumption and the industrial demand is increasing for food, beverage and animal feed industries (Sani et al.,
2013; Titilola et al., 2018). In the study area, about 25% of all adopters (39.2%) of improved variety seeds had
access to grain markets. This implies that with reliable market channels, farmers are more willing to adopt
improved seeds because they know they have reliable points to sell what they produce. High grain prices also
created an incentive for farmers to use fertilizer. This was probably because farmers become profit-assured when
grain price is high. Onyeneke (2017) suggests that with agricultural inputs, farmers should receive more
knowledge about improved sorghum technologies through steady flow of information so as to maintain high
productivity levels, reliable market and favorable market prices.
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5.2 Profitability of Sorghum Production by Farmers

Adopters of improved sorghum varieties obtained higher gross margin probably due to high average price, use of
complementary technologies, resistance capacity of these varieties especially to drought, insects, pests and
diseases as well as high yields capacity. Farmers growing obsolete varieties obtained lower profitability levels
compared to improved varieties. This is due to lower yields and sensitivity to various stresses. Aloyce et al.
(2017) noted negative returns for small scale farmers in Tanzania growing sorghum obsolete varieties. In most,
cases obsolete varieties have late maturity and are highly affected by low rainfalls leading to low grain yield
(Mwamahonje & Maseta, 2018). Non-adopters of improved varieties also used other agricultural technologies,
and this may be due to several factors such as increasing climatic stresses, accessibility and affordability of some
technologies in certain production seasons. Farmers cultivating obsolete varieties incurred higher seed costs
since most of them broadcast seed as planting method, which requires lot of seeds. Most non-adopters do not
follow recommended optimum seed rate (7.5 to 8.7 kg/ha). These results are similar to the study by Obayelu and
Ajayi (2018) who noted higher seed costs being incurred by farmers broadcasting sorghum, most of them
growing old varieties. Adopters of improved varieties incurred less seed costs probably because most of them
obtained free seeds from extension officers and research institutions but also use good agronomic practices.
Non-adopters incurred higher insecticides costs compared to adopters may be due to low resistance ability of
varieties that forced them to use insecticides. Sorghum production being highly affected by insects, especially
fall army worms, this has obliged farmers to stretch themselves at least to buy these insecticides to minimize
grain losses. Kansiime et al. (2014) argue that with environmental stresses affecting production many farmers are
forced to use some improved technologies to avoid losses.

Sorghum improved varieties have best production and marketing attributes such as desirable maturity periods,
good grain yield capacity, premium market prices and shortest cooking time (Timu et al., 2014). Most farmers in
the study area preferred NACO Mtama 1 and Macia varieties because of the high yield and drought resistance
traits while Tegemeo variety was preferred due to early maturity trait. These varieties have attractive colors and
were highly demanded in the market due to palatability, and most importantly, they highly meet specification for
brewing purpose. The study corroborates Aloyce et al. (2017) who noted that NACO Mtama 1 and Macia
varieties preference are attributed to market opportunities by the growing demand especially from the brewery
industry. Macia and Tegemeo varieties were the most preferred in the market that also drove higher adoption
rates by farmers (Mafuru et al., 2008). Adoption of improved varieties results from favorable production and
marketing traits such as taste, brewing and cooking qualities (Gesare et al., 2014). Aloyce et al. (2017) suggests
that breeders should consider all traits when developing new improved varieties so as to capture the market
needs. Sorghum production needs investments especially for improved varieties as well as the whole commodity
value chain. Furthermore, investing on breeding technologies, seeds accessibility and facilitation of other
production inputs are important steps to improve adoption rates, profitability and income among farmers (Mrema
etal., 2016).

6. Conclusion

The adoption studies that evaluated factors leading to adoption decision of different improved technologies
among farmers mainly focus in improving farmers yield and profitability. It is believed that with these
technologies, farmers can make positive changes for themselves as well as the agricultural sector. In this study,
low adoption rates of analyzed technologies were revealed. Factors underlining the adoption of these
technologies were also investigated to identify key areas for improvement of sorghum value chain. Probit
estimates revealed that age, sex, years in school, group membership, farm size, availability of free seeds, seed
accessibility, grain market and grain prices significantly influenced farmer adoption decision. These factors may
impact farmers differently in different geographical locations and this call for more adoption studies across
various conditions where farmers are operating. This study used probit model for adoption analysis as it
simplifies the analysis since it goes beyond the Ordinary Least Square (OLS) analysis. There is need for strategic
investments in different sorghum technologies in addition to seed of improved varieties since higher profitability
is observed among adopters of improved varieties who use some allied technologies as well. This would also
encourage non-adopters to use quality seed which will be easy only if these seeds are available and accessible.
Stakeholders are expected to influence enactment of relevant policies especially the ones incentivizing not only
seed inputs dealers but also other complementary technologies and minimize farmers’ production costs.
Commercial environment is then crucial since most sorghum farmers are subsistence growers and fail to acquire
most inputs. It is believed that when marketing chances and prices get improved, farmers can afford these inputs
as well as improving their profitability levels.
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